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In September 1945 a soldier, with a number of peculiar skin lesions, was ad-
mitted to the 233rd General Hospital from a Station Hospital. The patient was
a 28 year old white male, a mechanic from a motorized outfit. He was well
nourished, of medium stature, blond. General medical examination was nega-
tive concerning any disease. Psychiatric examination and observation revealed
no abnormalities. Routine laboratory examination showed normal values;
Kahn test was also negative.
On admission the patient gave the story that he had been "breaking out" for
several weeks for reasons unknown to him. At this time he presented very con-
spicuous, peculiarly distributed lesions on his integument.
The whole integument showed normal color and turgor except for the following
lesions:
(1) Coccygial region: there was a 30 X 15mm. lesion just above the os coccygis, exactly
in the mid line. It had in its center a sloughed area about 10 mm. deep with completely ad-
herent necrobiotic tissue at its base and surrounded by a 2—3 mm. red reactive zone.
(2) Left leg: about 14 cm. below the patella, lateral to the edge of the tibia, there was a
30 X 35mm. "nodular" lesion surrounded by a 10mm. red reactive zone. The center of this
heaped-up lesion was formed by a leather-like, brownish-black eschar which could not even
be torn off from its base. The eachar was round and measured exactly 20 X 20mm.
(3) About 9 cm. above the condyloma internum, left thigh, there was another lesion on
the median surface of the thigh. It was round, 20 X 20 mm in diameter, a hard leathery
eschar, brownish-black on the surface, surrounded by a 10 mm. broad red reactive zone.
The whole lesion measured 25 X 35mm. and also was somewhat "dome-shaped".
(4) About 20mm distal from the right olecranon there was another 20 X 20mm. greenish-
black eschar surrounded by a 10 mm. broad reactive zone. On the right arm there were two
more similar lesions: (a) upon the right olecranon itself measuring 5 X 10mm. in diameter,
a greenish-black esehar with a 5mm. red reactive zone; (b) another lesion was located 4 cm.
proximal to the external condylus of the right humerus. It was a 12 X 18 mm. "domed"
lesions with a central greenish eschar, 5 X 5mm. in size.
(5) Left upper extremity: 7 cm. distal from the external condylus on the ulnar edge of the
left forearm, there was a 12 X 18 mm. rupioid crust on the place of an eschar similar to those
described above. The original lesion, according to the statement of the patient, was sur-
gically removed at the time of his first admission to a Field Hospital at the end of July 1945.
(6) Ten cm. proximal from the capitulum ulnac on the ulnar edge of the left forearm, there
was a 5 X 8mm. greenish-black eschar with a 5mm. red reactive zone.
Observation of the eschars under an enlarging glass surprisingly revealed three
different types of hairs: (1) some hairs were absolutely normal; (2) some
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appeared to have been "singed" somewhere along the shaft; (3) some were com-
pletely "shrivelled up". The damaged hairs showed a brownish discoloration in
conspicuous contradistinction to the blond hair color of this individual. The
cuticula of the hair shaft, instead of being smooth, was "roughened up" in the
damaged hairs giving a picture similar to a piece of scotched wood.
To sum up, this blond individual revealed in six distinct anatomical areas
eight lesions with typical bluish-black or greenish-black eschar formation.
Close inspection revealed that they had almost identical measurements and
they were exactly round.
The morphological changes on the hairs present within the areas of the eschar
were considered from the beginning to be of the greatest importance in the
further investigations. All these signs and symptoms did not leave any doubt
whatsoever that all of these lesions were self-inflicted. However, when con-
fronted with the findings the patient consistently and imperturbably denied
everything. Therefore, it became necessary to carry out further investigations
on human hairs, including those of the patient, to prove beyond any reasonable
doubt that (a) the lesions were self-infficted, (b) there was only one agent whose
application resulted in the heavy brownish- or greenish-black esehar formation,
(c) this agent was concentrated sulfuric acid (H2S04).
During World War II malingering by means of skin injury must have been
a rarity. This writer met with only this single case among nearly 7,000 skin
cases observed during a three years tour of duty.
Close inspection of this case revealed that all the injuries were inflicted in
areas which could easily be reached by swinging the right or left arm around
the long axis of the body. This was one of the obvious miscalculations of the
malingerer causing self-inflicted wounds. In the belief that the lesions would
so be more easily accepted as natural and spontaneous, he used two different
sizes of round applicators to bring the corrosive agent into contact with the
skin. Another primitive aspect of the deception was that the injuries were
carried out in three stages, two or three injuries being inflicted at a time.
This measure gave an excellent opportunity to observe the skin injuries in the
subsequent stages of their development.
Corrosives tested with humam hairs and their general characteristics
I. Mineral acids: 1. chromic, 2, hydrochloric, 3. nitric, 4. sulfuric
H. Alkalies: 1. caustic potash, 2. caustic soda, 3. caustic ammonia
III. Organic acids: 1. oxalic acid, 2. glacial acetic acid, 3. carbolic acid
IV. Caustic salt: 1. chromates
Lesions caused by mineral acids are relatively not as extensive or as deep-
seated as those caused by alkalies. Concentrated acids combine with the
water in the skin and thus cause a burn. They also combine with the proteins
of the skin to form albuminates.
Among the mineral acids there is only one whose burns of the skin cause a
dark brown or greenish-black discoloration of the integument, i.e. concentrated
sulfuric acid. Hydrochloric acid is a fuming colorless gas. It is generally
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used in acqueous solution which contains 43 per cent of the acid. It may
cause a dermatitis, but it does not cause deep eschars. It tinges organic matter
a light yellow color. Nitric acid may cause deep ulcers or eschars, and it stains
the skin as well as the hair yellow. This occurs through the formation of
picric acid. Chromic acid may cause deep ulcers and stains the tissues inten-
sively red-brown.
Corrosive alkalies may cause deep burns and ulcerations. Generally speaking,
while acting corrosively, they play the part of the bases of soap, the fatty acids
of which are provided by the fat of the tissues. They may cause severe swelling
of the tissues with a grayish-white discoloration.
Organic acids, like phenol, glacial acetic acid, oxalic acid may cause deep
ulcers, but they induce a whitish-gray, pale yellow or ash-gray discoloration.
They produce damage by coagulating the proteins of the skin.
Based on the action of these corrosives, and particularly taking into con-
sideration their discoloring effect on the skin and the availability of corrosives
in the Army in this area, the only possible conclusion was that the self-inflicted
injuries were caused by application of concentrated sulfuric acid to the skin.
The commanding officer of this man substantiated my assumption, stating
that there was at all times plenty of concentrated sulfuric acid available in his
outfit.3
Although all the circumstantial evidences, particularly the brownish- and
greenish-black eschars, supported the assumption that the malingering was
committed by application of concentrated sulfuric acid, this writer still was
not satisfied with the evidence. It was believed, that the "singed" hairs were
in reality the most impressive findings in this case.
The distinctive features of hairs can be easily recognized under low power
magnification; they are as follows: (1) the shingled or terraced ("imbricated")
surface; (2) the distinction between cortex and medulla; (3) the pigment granules
in the cortex; (4) the cells composing the medulla; (5) the transition in structure
from shaft to root and the peculiar sheath of the latter.
The usual legal question asked is whether the hairs are of animal or of vege-
table origin; whether a certain hair can be identified as belonging to a given
individual; whether it can be determined, from what part of the body the given
hairs are derived (eyelashes, pubic hairs, general body hairs, etc.).
Our problem in this case did not concern all of these questions. It was not
necessary to determine whether the hairs were of vegetable or of animal origin;
whether they came from a certain individual or from a certain part of the body.
In the present case there was no doubt about the individual. There was also
no doubt about the origin of the hairs found charred within the eschars. The
legal question was whether it could be proved beyond any reasonable doubt
that the artificial eschars were caused by a single corrosive which alone was in
the reach of the suspect.
To the great surprise of this writer the foremost texts on legal medicine and
Batteries of the motor vehicles operate on sulfuric acid.
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toxicology like McNally (1), Petersen-flames-Webster (2), Glaister (3), Web-
ster (4), v. Hofmann-Haberda (5) did not contain any information about the
changes in the structure of human hairs under the influence of corrosives.
EXPERIMENTS TO ShOW STRUCTURAL CHANGES IN HUMAN
HAIRS UNDER THE INFLUENCE OF CORROSIVES
(a) Technic
The technic used was simple. A portion of a human hair was deposited in
a few drops of the corrosive to be tested on a slide and covered with a cover slip.
All the corrosives listed above and used were concentrated or saturated, as
indicated. Only in the instance of one corrosive, sulfuric acid, were two differ-
ent dilutions (a 10 and a 50 per cent solution) used, beside the concentrated
FIG. 1. Normal hair of the patient, for comparison. Along the cuticle, almost in equal
distance, one can see the free tips of the imbricated cells. Data: compensating ocular lox;
objective: apochromate 8mm (20x); bellows draw: 35cm. (14 in.); Wratton red filter %29;
panchromatic film; time: 1/3 sec. Total magnification: 280x.
form. The preparations were scanned under the microscope immediately,
within the first five minutes repeatedly, then after one hour and 24 hours, to
observe any change which may occur.
(5) Results
Examination of normal hairs under the microscope reveals that most of them
have three well-defined layers: (a) an outer layer of transverse cells known as
the cuticle; these cells are imbricated, the lower ends of the cells being covered
by the upper ends of the next layer; (b) a middle layer or cortex consisting of
longitudinal fibers; (e) an inner layer of variously shaped cells, which form the
core or medulla.
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FIG. 2. Human hair exposed to concentrated sulfuric acid. This "chemical burn" affects
only the cuticle of the hair. Structure of cortex and medulla remain unchanged. The hair
shows a brownish discoloration. The unique change caused by concentrated sulfuric acid
consists in the complete roughening up of the cuticle. The imbricated cells of the cuticle
(arranged like tiles) lose their connecting substance and stay off the cortex, bristling, almost
vertically to the hair axis. In visual observation one can see, that the bristling cuticular
cells, like the spores in a Microsporum infected hair, go all around; here only the edges are
in sharp focus. (Hair of the patient.) Data: the same as in fig. 1.
FIG. 3. Human hair as affected by open flame (for comparison). The effect of "physical
burn" on human hair is well known and is entirely different from "chemical burn" caused
by concentrated sulfuric acid. In "physical burn", all three portions of the hair, cuticula,
cortex, medulla, are equally effected, and completely charged. The cuticle remains smooth,
the cross section of the burned hair is somewhat larger than the unburned portion, due to the
air bubbles expanding inside the structure. The characteristic air bubbles can be seen at
the juncture of the burned and unburned portion of the hair. (Hair of the patient.) Data:
the same as in fig. 1.
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T he experiments with the corrosives listed led to one single answer as to the
cause of the changes on the cuticle of the hairs of the suspect.
Among the listed inorganic and organic acids, alkalies, and corrosive salts
there was found only one corrosive which causes this peculiar "scotching" of the
hair shaft, i.e. concentrated sulfuric acid. The effect of concentrated sulfuric
acid on the cuticle is momentary; it occurs within a few seconds and does not
change afterwards, even within 24 hours. Most interesting is the fact that the
10% and even the 50% sulfuric acid solutions do not cause the least change in
the cuticle, even when the hairs are left in contact with them for 24 hours.
The color change wrought by concentrated sulfuric acid in the total hair shaft,
"the burn", is a slightly brown color, which is hardly recognizable when the
original hair carries a brown pigment, and therefore can not be used as an
evidence.
Concentrated nitric and chromic acids change the color of the hair immedi-
ately; the former stains it yellow, the latter vivid red. These acids, as well as
hydrochloric acid, the organic acids, the alkalies, the caustic salt do not cause
any change in the cuticle of the hair, not even after a contact of 24 hours. The
cortex and the medulla do not show any structural changes under the influence
of any of the corrosive tested.
The practical value of this finding in a legal case can be shown by the follow-
ing example. The largest and oldest area of injury on the suspect, just above
the os coecygis, was already a deep open ulcer when the patient first was seen,
and did not show even the least traces of the greenish-black esehars still covering
all the other lesions. Viewing this single ulcer it would have been impossible
to answer the question what the corrosive used was. But peculiarly, at the
edge of this largest ulcer there still were hairs "singed", partially in the middle,
partially along the whole shaft. They gave the evidence.
CONCLUSION
The experimental reproduction of the changes in the cuticle of the hair shaft
on normal body and scalp hairs of the suspect, as well as on various samples of
other human hairs, by the application of concentrated sulfuric acid, under
exclusion of all other inorganic and organic acids, alkalies, and corrosive salt,
proved beyond any reasonable doubt that the wounds were self-inflicted and
that they were caused solely by the application of concentrated sulfuric acid
to the skin surface.
SUMMARY
1. A white soldier, a mechanic, 28 years old, revealed in six distinct anatomical
areas eight lesions with typical eschar formation. The lesions had two differ-
ent measurements and they all were round. They showed a brownish or green-
ish-black discoloration. Their localizations were telltale, being in areas where
the skin surface could be easily reached within the swinging of the right or
left hand around the body axis.
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2. Observations of the eschars under a magnifing glass revealed three differ-
ent types of hairs: (a) some hairs were absolutely normal; (b) some were as
though "singed" somewhere along the shaft; (c) some were completely "shriv-
elled up". The damaged hairs showed a brownish discoloration in conspicuous
contrast to the blond hair color of this patient. The cuticle of the hair shaft
was "roughened up". The hair shaft was bristling with the loosened up imbri-
cated cells.
3. Experiments carried out with a. inorganic acids, b. organic acids, c. alka-
lies, d. corrosive salt, revealed that concentrated sulfuric acid alone causes
changes in the cuticle of the hair shaft identical to those found on the hairs
within and near the eschars.
4. Thus, it was proved beyond any reasonable doubt that the lesions on the
body of this patient were (a) artificial, (b) self-inflicted, (c) caused by the
application of concentrated sulfuric acid.
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